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1020030031302 ^7}: 2003/11/4 

[H^^l 33 

^ ^ 71 <^ ^H^l WISH JI^^ 51-71- 7V^^>M- ^7>7> aL^S* 

sjofl tcj-e^- ^^^-sq- o}a| nfl^-ofl c-flolEfl- o.^^7l7> ^^cf. 

^^-i- -S-^W. ^2|^1 Cfl7l ^Eflofl^S ^ ^lS.7> t)- 3.7)1 «2fl3 

^l£Sl ±7}^ 3L±r o] o]s]^±.7}%^ 7} ^ 7H#^ dlolEl-S -fM *>7l ^ *H ?1 

^ slSefl^^l^ ^A7V &£}-. #5fl^ nflS-S] ^SZl^Al7l^C-ll 

3^*3 3^#3 71 ^.o] #^tj-. 
[Ji3^#*J--=-] ^t^Ji 29 
[i^^l 33 
[j±3^fl-8-l 

#7l -g 711 ol e sfl^(113a)3|- #7l ^ 711 ©IB ifl€(113c)^ #7] *3 

^^(AR)^Hl *^ 7lMm -S-^(ll4)°l $1*1 *H ^Hel-^l(ll8c)^-S -¥-3 *i<2*m 
cf. # 7 1 ^ Til olH o.^oi-( 11 4)o 1 ^ a. 01^(116)^ sl«fl g^t}. #7l 
oleflol ^^oflA-1 #71 ^2\]o]A] (116)51- #71 %3<^£ #7l l di^s) ^(102a) 
# 71-5.^1 51-^(1180)^1 filSfl <$7] ^s\sL <g^«1M <#7] 

(116)fe ^^5flolA-l(ii8d)^l slsfl g°lt|-. #71 ^^H^aisd)^ ^-71 ^Hef 
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1020030031302 ^^ 2003/11/4 

<?}(118c)4 #US o]3.o^^lcf. #7] tIHh 3ifl^(n3a)3]- #7} ^ 7)]°] 

B 5fl€(113c)^- ^#^^<a^S ^<?14. A cM ^Hf^^^ 
^ 1 ^^^^^-(120)2}- A 2 #^^<g5]-( 122)^5. ol s^^^ ^ x ^^uv 

(120)3] ^o]^ ^<H^^l(118c)^ ^^-2) ^}*}^.^7} ^S\sL <3<*| 

^H(108)* ^-f-*}^ ^ 7l]°lH 126)^1 SZcf. 

[Ji^tR 45 

A o v 7l « 0 ^ofl rcfs^, ^^^^DVs-( 102a) io2b, 102c)^§: ^ 

(113a)°l cflolE} e|-<y(l31a)^: #ofl ^JE]JELS, >i Tfloje s|]€(113a)°l ^ 

^€ ^ XI A. d^g-e^l-CH^a, 102b) -I tIMe an El ( H3a) oi 

5] 51^- ^sq^S tiVH^l 7l^r(100)Sl *]z}- i&Sj-^- ^ Slcf. 71)0] e 3. 

^(126H A 3 4i7l-^-^^(102c) #°fl ^s]JEL3- «K£*fl 7] ^(100 HI ^zJ-^J-g- 
7>*}*1 ^cf. o]^.m) , a] s]^^. STTM « ^wl^ SK£*11 ^^H- ^ 

5U^. 
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1020030031302 #^ <g*}: 2003/11/4 

[i^cflW^-] ^^J: 48 

*fl 1 f^g^C 120)3 ^r^iLJL ^5)^r ^-3-2-5. tVcf. je^. #7] 4fl 7)1 o] 

— 3fl^(113a)^ ^HH^H #7] s>^-#?_>^^^ ##sq<H ^^ch 

[iL^^^-] ^t<d-£. 54 

[H3^-§-] 

^SIM-, #7l is]] 0 H(116)4 >S-7l ^1^^^1(1180), ^ ^-71 ^ 

is||oH(118d)3 ^-^7> #7) iS Tllols iflll(113a)3f ^"71 ^ tIHh 4^ 

(113c)3 ^°lJitf ^71] ^"71 1 ^Tl^o^H 120)3 ^ ^ #7l ^3Efl o] 
^(116)3 ^-^3 ^* ^s)HAi(i2l)7> ^7.fl*}<*j ^-71 c-HoIe). e}o] 

(131a)^ #7j ^l<H^(H8a)l- S^l-Tfl ^^l^tf. 5L 4^- -i^} 
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[SL^tfl Aiiftt}jr 57 

nJ-eH, ^ STTM Ifi-I- ^l^Rr to^l ^ H ^ «<HH *|- 

^^*>7l *H *g^S|j=L3. € TflolH sfl^dol ^^>7fl ^ ^7>£- 

J£*V ^*lloH7l- #^^Sl^o.S °1-^<H*} ^i^^^-^^l^-ar iLJLtH}. ^ Tflo] 
H ^-fr°l ^^-e^- -tfofl ^^5lS.S ti}£^l 71^1 7>^1 ^Cf. ojs. 

*l , <J£1^ STTM « ^l^Rr aVESll ^7>« ^ 514. 

[Ji^iM^] 1 

[n3^-§-] 

«TrS^l 71^; 

^7fl<^ 1 ^a^E)*^; 

^"71 ^1 1 ^-g-Sl^-I- *}o]o] 7}%°1) 711^5151 -%7] 1 ^ nV 

lr# trfsl- ^15. ir^A^ Ais. ^37] ^ oi^^ ^7fl^ 2 i^el^; 
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#7] all 2 ^M-g-Hl^l- Aj-ol^ ^sfl 7l# #ofl ^1^ # 7 ) all 2 ^7>£- 
El^s). <y«- f^Sjsq , av 7 ] ay^j 7l^rO.S.^-E-l *Hl5. 3#€ TlHH -fr*!^ 3fl€, 
^£^^1^^.3111^1, nJ-E^i^ ^-(Multiple tunnel junct ion)^ aflld ^ iiiafl^^-S 

A oM all l 7>s^l=^ A i 4^711^ aiH^ois; ^ 

#7} >i tIIoih -*7l ail l 4i7}£-e]^4 ^ej 

[^.^nfl^^-] 13 

A i <H sfl °1 ^4 ^r£S]5L °m-Sr ^l^Rr tiVS^l 7l^ ^l^Hr #7l) ; 
^"71 ^£^1 71^1 d^Ha-e^* tH3*H= ^Tfl; 

^7l M^<^ ^Hl TflolH -fr^* <8>S*Kr #7fl; 

^Ssl^l^^f^ , EfEi^^ ^(Multiple tunnel junct ion)^^, ^ 

n>^a#* ajf^fe- ^1; 

4>7l 3XflE-]^*V^ P^a.3flEl# *8^SRr ^711; 

^"71 o>^33|]Bi^ Alzl- nf^HS o]-g-*H ^"71 %7] CfE-l^^t}"^ 

A o V 7l i£Hl^l^=# ^ #7l TllolH -fr^^ *M13. ^Bi^^cxl ^-71 «V£^1 
71^-O.^^-Ei ^HlS 711 °1B -fr^ >iS5l^l^3ll€, ^E|^^^-^ 
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#7l ifi 711 o]B 211 ^-1-4 #?1 ^ TllolH sfl^o^ #71 %#<3<*i^- 

^ ^ TiloiB -R-^sM- ^*Rr #31; 

A o v 7l H TlloiH ^lei-si ^-*!# «J ^-^5. iir^Tr >Hs 4 

#71 p>^a sfl^^- all 7i*H=- #31; 

^71 ^^2]S ^"71 ^7}£.£)<2}- #ofl ^^1^ #71 71] olB 3fl 

#7l ^ #71 tfEi^ ^-#1*311 E}-g- aH*H^*H ^ TflolH ^-g- 

-i: *§#*Rr #31; 

A oM ^ o^eflol ^^o]]^ # 7 ] ^ ^olH 3%^°) #7l r^^H"^ 

^*Rr #31; ^ 

# 7] ^ Tflol^ ^flo.- ^ TflolH ^ l^H* ^*Rr #3]« 
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[^tfl^s.] 24 

A 13 *oHl 91°]*], 

[i^tfl^s.] ^zp.^. 25 
[iL3^-§-l 

wVEAfi 7m -S-ofl 711 °1S -fr^, ^SC^i^El^, ^-(Multiple 
tunnel junction)^ ^, ^ ^5L#-§- ^*>^ #31; 

^•71 4iaf| 2flBi^^>^ ^*Hr #31; 

A o V 7l ^HSflEJi ^ Ol-g-^ #7l i.2.i#, ^-71 CfE^^^ 

^-71 i£5l7ltEf g ^"71 TllolH -3-3^* SflE^eH #7l #£L*ll 

71^-A^E-l ajf^g TflolH -B-^i^- 2fl€, i£^lt£^^, CfE^^^-^-^ 

2fl€, ^ il^EJis. °l^^m € Til oib sfl^« ^*Hr #31; 
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#7) ^ 711 o]b aflUl-sl #71 ^isfl^l-uil- #7l ^Hh}^ 
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[if/SSJ g^Si!] A semiconductor device with a scalable two transistor memory 

cell and a method of fabrication thereof 
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1^3 13S 403s 
[^3] KR 

g?5^|] KIM.HYOUNG-JOON 
[? D J3^ai] 700716-1046519 

156-092 

MmmmM i^? A*92§ ^gOH&M 208# 607s 
[^3] KR 
[£JAF§^] §^ 

[flxu *5i a xii42^°i 7? §011 °\m «a. xii6os°i ^mow °i 

ss§ (ei) cnaiei 

2^4- (oi ) 

PIMSfi] 20 29,000 8! 

P^i^S] 31 3 31,000 S 

0 2J 0 €1 

[£JAH!^S] 35 m 1,229,000 & 
imD\\] 1,289,000 S 
[S¥AH 1. S°fAH- SAIIAH(£ES)_1S 
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^4i7>^*V 27H^ H^^l^Bl(STTM) ^l^Kr dt7> ^ ZL XI* 

^tf. o] tij-Jt^l ±*}$r 7}#; ^-71 aV^^l 7 l#ofl 7 }- S 

A-lS ^^*V ^7flS] *H 1 i7}^5]9|t; ^71 *fl 1 i^e)^t A}o)9] i&Eafl 7l & 
ofl 7fl7fl£lS] ^-71 *fl 1 d^S-Bl^M" ^ <|]<gjL ^ S dl^g 7^ E) o] ^ £ 4^7fl^ 

XI 2 dlT^E]^*; a o V 7 ) ^ 2 dl^em-i- A>ol^ tfVs^j 71^ Aj-ofl iflAl*>^ 41-71 *]} 2 ±. 

<aj^ f^sjs], ^7l tfVEEXl 7m°.3.-»M *>3fls TfloiB -fr^ ^ 

Is ^ TfloiH -fr*!^* ^ ^7l >i TIME sflBH-o^ ^e^H ^-71 2fl 1 

3S}D} ^V 7 1 ^ l i^E|^-4 5§<8*>7fl ^E^ ^S. ^7fl^ t-flo]^ Ej-ojs-o, ^ 

S. 2 
STTM € 
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semiconductor device with a scalable two transistor memory cell and a method of 
fabrication thereof} 

^ 51 (Lay-out 

51 2^ ^-^^ w>^-2]tr ^ -M^HHl ^4i7l-^tr 27fl^ 7l ^ ^ 

wl^Kr ^-£^1 4i^>^ M-E]-hS^. 

£ 3a vfl^l 3k^ £ 2^ ti}5L^l ^^>* ^*Rr #ig-g- M-bH^ ^ ^ 

51 4^r «>^-^tr tf-E- ^Alo)lo)l ttf^- ^i7^f 27fla| H^^liEi 71^^ 

51 5^ £ 49] ti>H^l ri7.fl- ^<5Kr «o V ^^T M-^^r ^ #^51°1 4 . 

# ^l^Rr ti>£^ ^7\9] M-H+HflCf. 

J£ 7£: 51 6^1 «VE*fl i7ff ^g^rfe «o v ^* M-Ef^lfe ^-^cf^^olc}. 
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<8> ^-^ o. ^ ^ ^ tg^ ^ofl ^ f Dl -$M|*M|fe ^7 r ^tr 2 

<9> ±7}±r Cf^- 7l^ ^V-i-ofl JL^q^7\ 7>^>l|- ±7} 7} 3L^?m-%o\] a)-e)- 

¥^4^" ^ <^ ^11- nfl^-ofl C-floj^l- -a-^^7l7> <H^cf. 4^ £.7^ 

^^HH^ 3*3 iS.7]- XI Cf. ^e.7ll #2fl4=l ^2-5} ^7># S^r ol^)3]f±^t^ 7) 

^lS-El ^7>^ HSH^Al7l^Cll ?J AjTjo] _£_^-5L|T*| ±713]- HS-ZL^i 

<10> 0}^, ±7.} 2] ^ 0 V^4 #Sfl^ d^-*} ^"M" £>r Aflj^g- 7l^^l;0] 

&l ^(Scalable two transistor memory cell; °1§> STTMHtf. -#7] STTM Jl^-l^, 

^ ^ ±5L ^ JL^^^Sl ^cf. #7l STOH tU*fl ^5] <g^7}- ^1 ^ £] Jl 

[«v^ 0 ] o] =ji^> ^ 7l#^ ^Mll 
<ll> -g- 7l^^ ^Ml^ ^^o] -g-o^ STTM H-i: ¥«l*Rr ^£^1 4i7> * H 
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<12> ^7) 7l#^ 4^11- ^*>7l flSH, £ ^ofi STTM €-§- ^-wl^ a>£^ 

<13> o1^ f a o v 71 tiV^^fl a> £ ^ 7 ]^. ; a o > 7 ] aV^^j 7 ]^.ofl tf 7 ] «V£*fl 7l# 

31 71 #ofl 7fl^fl£ls] ^7l i ^a}^*}-^ 4e} -^^s. ^^a^ a^ ^^71 el o^sl ^> 
^711^1 a)1 2 4i*}£-3*M-; a o v 71 ^ 2 ^ 7 >«eini-s. A}0 )2\ tiV^^ii 7m ^ 0 H1 3*1*H ^-71 

2 ^1-^-51 H| 4 «J-SfL #^^1^1 , ^"71 #51*11 7|^0 S « E j ^sflS. ^olH -fr^ 5fl 

H, iSel^lii^.^^, cfB^^ ^-(Multiple tunnel junct ion)^<3 ^ ^ ^^.^sfl^^-^ °1 

ijL^^ ^ 7 ]\2] TflolH ^ TllolB -B-^i^ A>oHl -51 ^7} TllolH 5)1 EH 

^o} ^rt-g- ^-71 *ll 1 ^l-g-^nKg. 7> S ^] 5^. ^ S ig ^ *V 4^7^ ^o^o]^; 

^ ^"71 ^ TflolJi ^^2) Aj-a-sq. Aj. 7 l ^1 i ^g^t^ Jg^*>7fl A^ 

<14> 4> 7 1 tij-^l ^ 7 >^ ^V 7 ] olE -a-^nVjzj. Aj- 7 ] ^<>1^0] A>oHl 7 fl 7fl £ ^*ll°H 

1- d ^wl^: ^ &°.*i, oinfl ^1-71 iBflojA^ #5l^3el^^S ^l^^lcf. ^-71 ti>£^ll 

^ ^7} ^V\\o}*\ aVE^l 71^1 <§>8€ 7-1 ^ ^-tll^ ^ 

5^. ^71 aV£^l Aj- 7l ^H^-O] ^Jf <3] Aj- 7l a> £ ^ 7]^ tg^€ J7^JE ^ 
<3*. cl ^«1%V - clef. 

<15> a o V 7 ) ti},^) ^71- ofl SU^H , ^"71 ^H5|o] AV^-H.^ -^^ilflEj^ aVc}- 

^ ^ ^"71 ^ojBl^loj Aj-^fe Aj-7] ^0.^0^ AVc+tL^cf ^ ol o] 

afloflfe -^oM ^H^^^ A o i-7i tfloiEl- eKl ^>^H1 ^i^^^oiA^} 7fl7fl^cf. c^^a-i, ^ 
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<3^3)l°Hfe ^4€- ^^-(Si0 2 ), ^SWSijM), -ael^^^CSiON), % 

ol^^-^(Al 2 0 3 )* ^wl*Rr ^-^H -id^fe ^>M-^ #^5. o] a-^^lcj-. 

<16> # 7 ) a>£^ ^7}^ ^-71 «V£^1 71^ <3^* C] #7l 

^eH*! «-^cg^^ *fl 3 ^>^-em-; #7l *Md<8«?* 7>s^ei #7l ^1 3 

Sfl^^r #7l 7j]olH Sfl^^)- ^ *|-7|l f #7l 7] #2.3.^ ajf^ 7]] °] J= -fr*!^ 

3fl^, ^££1*1 ^=3^, CfE^^^-^SflBi ^ 41^.^3})^ O.S. Ol^oj^ ^ olOp] ^-71 ^ 

^ *MH ^eh #7l dt^^H ^ # 7 1 #71 i£ 

e)*l ^.EL^e}^ ^ ^ #7l aV£^l #71 ^ 711 °1H 3fl € 51 # 

<17> #71 tiVs:^ ^7V# ^*Rr C}^-Jlf ^-Cf. ^7-1 , UV^l 7]&<$ ^-g^ ^-g- 

S"#^^# tb^W. #7] Sr#<3<3 #ofl 711 °1B. -H-^, ^Sel^ltJEl^, cfE^^ 
^-(Multiple tunnel junct ion)#^^, ^ *>3l3. t^. #7l v}^^ 

^\^3.n^ ^^tVcf. AJ.7I P^H^Ei^- ^z}- v}^EL3, o]^}c^ #7l i 
.2.^, #71 4^^#^#, #71 ^SEl7l^« ^ #71 TllolH ^V^lS. SflEl^ 

*M #71 te^ll 7l^O.S^-E^ ^>^1S 711 olB -fr^ sfl^, ^£51^1^=211^, CfE^ 

3fl€l:Sl #^1:4 #71 %#<3^ S^r ^ TflolH -B-^^ ^*Vtl-. #71 ^ TllolH 51] 
€-1-21 ^ej-g; l-e^>cl oj ^-el^ ^^*V 4^7^ ^#^4. 
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#7l p}i3 zflH* ^lTi^q-. zleIji, #7l ^ Tinn aflH-i-^ #7l Mii|!it4 

#7l ^l^^oijq- w^JLS ^5. ^ 7 fl^ cfl o] Ef e}<?]l;l- ^^cj-. 

<18> ^ Dl #^1<5}t11, #7l ti>£^l i^t <8^SRr y <^£r £4. 3*1, H ^ 

*^*8^-a- tH3tH}. #7l *-#<g^ #ofl 711 °1H -B-^m-g- 3>8th}. ^£E)*1^ = #, 
x^-e^^ ^-(Multiple tunnel junct ion)#^#, ^ °>^5L#* *Hl3. #7l 

4iHf|- ^E^^ Pf^sflEl^- ^^*Vcf. #7l P}^£12}m-g- v\+=LS. o]-g-^ 

#7l ±JL^, #7l cfEi^^fJ-^-^^, Aj- 7l ^S^^^^f, # 7 j 7l| olH ^^M: *MlS 
Sfl^^M #7l aV£^l 7l^O_S^Ei ^Hl^ ^#=1 71)0]^ o-^nv jjfl^ ^ S EM = 3fl ^ , 

#7l ^1 c^eflol ^sjS. cgcrfofl >£ 7 j jg t]|o]E 2fl^-i-3|. # 7 1 

^ 711 olB ^^1-4 #7l *j ^g- S^r ^ 711 °1H ^^i^l- #7l ^ 

7ll 0 lB 4^1"^ #&|^1-^ H #%K°5. ^Ife 3§^^ 4^711^ El-^-^^r ^ 

#7l cj-^a. sfl^^- ^7^4. #7l ^^s)^ ^<>)H -8-71 ^}^e)u}- £|*1*> 

#7l ^ 711 °1B 4^ #7l rt_£.^3fl^ ^ aV 7 | ^^^ta^E}^ ^Ei^sfoj ^ 
Til °m #71 >i <>MM cg^ofl^ a o V 7 ] j£ TflolB Sfl^s-o] a o T- 7 ) ^.^szfl 

HI" 4 ^°1 #71 ^He}-^ ^51*>^ #^°-S ^E)^ A-l^ ^ 4^7HSl t-HolEf Sfo] 
=1213-, #7l Tll^lH ^-M; *fl-f ^ Tllole Sin ^Aj*V 

<!9> #71 #»H1 SZ<H^i, #71 ^H^-y^ <9^*>7l *H1, #7l -i Til °1B #71 ^ 

^ 711 ol 3 3fl€# ^l^^^SLS AV-g-^H #71 Sl-H^l 7l^ofl X\±g-S. cg^^ 
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*}3L, #71 4. *HB £ #7) 7)HH Sfl^i^ ^H°H# ^*>JI, 

1-§-*H ^"71 7)^1 -H^JE ^ $X^. <$7}*\ A oM i^M^fe 

M| # 7 | ^ o^eflo] cgoaofl - o^cf. ojufl, Aj- 7l D>i33rfl^iJ4 4V7I d^^^ 

-¥-« ^71 ^H^^ <^ ^Ti^ufl, ^-71 P>^3^1i4 ^7] ±_$L^Q9] 

*l*8SH ^71 *H 1 f^H!^^ ^"71 ^H^^l 7^icf ^-Tfl ^^jI, 

2 f^^^V* 3^r>Jl ^^^V^ # 7 } "\^3. $\QSr 5^#A]^ ^ 

^Efl^l ^^^1, #7l ^l^^<y^ ^-^-^ ^71 ^^Sfl^^ ^a-^. 
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^Tfl li^r <4«1 ^M^tl^ ^^«VjL, *H 1 #71^^-8: ^#^ ( ^-7) ^ 1 #^1^^^ 

t^JI ^7} v\^B.n^3\ ^7] iii3flHo] tf^* Utt ^"71 oflu] ^HeJ-«y^ ^JjL 

SLS,^ <#7] >i ^eflo] <go^ofl ^ oicf. 

^^>7ll ^tii ^He^^g- ^^^>j7 ; 7^1 i ^#^>ji, #71 *fl l #:?Hi<S 

^<H1 ^ $44. °H ^-71 n^a. sfl^^ ^7l*v ^Ml, #7l 1 #^<g^ 

^32\- ^7) *\]0]Z)-°12) ^W]^ ^ 0^^211 ^ 544. ^7)^ 

A o v 7l li^^H^ ^sl^ ^sl-^-(Si02) , ^sl^ ^3WSi3N 4 ), ^al^^^(SiON), 
9? ^^^^-^-(AizOs)^ ^l*Rr ^#<HM ^ ^-71 

ofl til ^Hel-olol AV^-^nfl ^-71 ^ol^S. fAH AV^tf. 

°l*h t> H^-M- ^si ^Hll^g- ^oMl^l ^^*>7ls 

^£ 5Utf. J2.^3l, o^7lA^ 4l7flS]^ ^A]o^l^ 7 flAl^ Lfl-g-ol ^^§>J1 ^^«fl^ ^ $X$L^ H 

^T^HlTfl ^ *>7l fl«fl ^l^sl^^l^ 
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^MlSr *$m§-& 7)*\7] ^^o^ ^XH ^XH *^J$ 

£*1€ -^-^-1-^ ^^*V ^Mtf M-E}-^4. £ 2, 3a~3k, £ 4-7 XH A^r £. 1^ «V£Xl 

i-i'^oi* ^ss., £ i^i «v:eexi ^M-i- n-irsKi-^ ^ X-g- ^ 

H, £ 121 alJEXl II I-II I' 5|o]^- Ufa)- 7}^ ^JE* M-e^c}-. 

^ ^£ (Lay-out )olcf. 

<25> <>*JaH 1> 

<26> £ 2fe 4^-^1*1 ^ -gAlefldf) ^ ^^7j-^tl- 27fl^| H^]^ ^ 

wl*>^ ^£.^11 i*}^ 

<27> £ 1 ^ £ 21 ^-2:^, «K£X1 71^(100)^1 1, ^] 2 3 i^el ^(102a, 

102b, 102c )°1 <g^s|<H ^^^(AR)-i- 4*r7fl^ ^-71 *fl 1 ^^>^el^l-Cl02a)^ 

^ <XXH 7}^HDj 4^r7fl2l ^-71 4 2 i^e|^-#(102b)^r #7l 

XI 1 di7l-^-sl^-l-(i02a) *W°fl ^^l^>i^ #7] XI 1 i$i*}*e|<9"g-(102a)-g- 4^ «fl*l 

A o v 7l XI 1 ^^el5|-i-(102a)^ ^7i sl oj^^cf. ^-71 XI 3 i7}^ejs[(io2 c )^ ^£ 
SIS ^ ^ofl fl^l^ t^je Xm(113c)-g- *^*8^(AR)-a- t^W. 

<28> Q ^lolB 5fl^(113a)3l- ^ Xl°lH 2fl€(113c)^: ^ ^-71 ^ <HXM cgo^Jlf ^l ^ 

<3<*M #71 ^^(AR) #XH, #7l XI 2 ^V^-sl sv( 102b) g #7l Xl 3 ^>^-el 
el-(102c)4 #^£l£^- fl*!^. A oM ^ 
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TflojE Sfl^(113a)3|- #7l ^ 7])o]B. 3fl^(113c)^r #7} #5.7$ 71^(100)^.5.-?-^ 

TflolB -f}-^ s|)^(104), i^e)^ 2r: J= all ^(106), cJ-B)^ ^(Multiple tunnel 
junction)#^s)lEl(108) ^ ±.$l^$\Q(122)SLS. °}^-°]^. #7l ^ ^ ^#ta ^(108)^ 

A oM i3 Thiols 3fl^(ii3a)4 #7l tIHb afl^(ii3c)^ ^4 #7l ^^(AR) 

#ofl ^ ^jolH -fi-*I^(114)ol ^^l^H 2lH^(118c)J5-5L -^-Bi ^^Al^cf. # 7 1 ^ Tfl 

°1B -8-^^(114)^ olAi(ll 6 )ofl o]-$\ Q*}^. #7} ^ °]Z]]o) <$<*o\}*] #7] iifl 

°}*\(116)<% #7l # 7 1 ^ ! ^«.^nv( 102a )^- 7>S.xl5^ ^]<>|e}-<a( 118c) oil ^1 

$\ #7l ^71 ^51101^(116)^ ^^^3llolA^(118d)o11 5l*fl £°J4. 

#7l ^^2lHAi(ii8d)^r *1H el-tKliSc)^ ^-^t!- -MS. oi s^^q. ^ ^ )o] e 

sfl€(113a)2l- #7l ^ TllolH Sfl^(113c)^: ^-^Ti^ovo^ ^olcf. Aj. 7l S^^^of 
^ *>ell5. 3#€ 1 ^^Hl^C 120)4 *ll 2 f^^^K 122)JLS o^o^t}-. #7l *ll 1 
#^^^^-(120)^1 ^ol^ # 7 ] ^H^ol(ll 8c )o^ -^^$] ^o}^ o.A}^,^ 7 ] ^5)5 °J 

<*°\}*\ # 7 1 ^ 3 ^A>^-em-(i02) #^1 ^^HdlO) 31 <$7) cf^^^^^^^ 

(108)^- ^-f-^^r ^ TllolB ^-^l-(126)ol ^cf. 

A o V 7l TllolB Sfl€(113a)^l #7l (110)4 ^5}^ Aj-7l 1 ^7>^-Slnl- 

(1023)4 ^^^711 ^&1^ c-HolEf &l-ol(131a)ol #71 H c^eflol oj^cfl 3*m4. #7l cllolEl- 
^(131a)-^ £^sv(128)4 ^-#^^A>ol^nV(i30)o) olf^i-0.3. o^o^ ^ oi^ av 7 ] ^ 
olBf 5}9j(131a)4 #^5. <>1 JjLo^jDl #71 ^ 7l|olH -^*(126)-§- *fl-*H= ^1 °11 

#71 ^ TllolB 211 El (me) ^ TllolH ^^^sl^L(131c)7> #71 ^S\S. 

3*lt!:4. 
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<31> # 7 | ^^ofl ^a^, #7] *fl<H2l-S!(118c)°l 5fl€(H3a)^ 

= cf. s*V #7l ^H^dlScH #7l dME}-5l-o!(l31a)l: &°_JE.S. n Aj-olofl ^3 

A <M1 ^£1tt ^-S* ^-AJEL^. tiV£*ll 71^-^ ^ t^tf X\g\^ STTM € 

* ^l^Rr te^l ^7># ^ oil}. 

<32> -£ 3a vfl^l 3k^r £ 2^ «L£*11 i^t £*>3 SLS. ^ ^ 

<33> je 3a# , H <H3H ^<^^ ^^2] 5. ^<*^ ^tfl<5Rr «ViE^ 71^(100)^1 i 

* ^ Stl4. ^7l i7V^-^nvo. £ loflA^ei ^,1 ^ 2, ^ ^ 3 i4^e| D -lt(102a, 102b, 
102c)S ol^-^^l^. ^-71 ^7>^-Bl^#(i02a, 102b, 102cH %^^^(AR) ^Hl 

TflolH -a-^sV(103)^- ^ ^ . ^7l TllolH I03)£r 1^3^°.^ ^€ «r -tf 

7l *Y5.z\] 71^(100)^1 ^ tfofl ^£sl^lic^#(105), ^^^8-^(107) ^ ^.2.^ 
(109)^- ^7l i£ £l ^^^^(105)^1- ^7) ^^.^#(109)^ ti>^-^sf7fl^ g- 

5^3€ #sl-^sl^5. ^€ ^ ^cf. ^-71 cfE^^tl-^-^#(107)^ ^ «H = ^^- 

A oM ^ «H = ^^. ^ tiV£^l^-g- ^ ^-E*fl^, !-£#°l £^3*1 ^ 

n >-H-^, ^^1^- 7112^^1- ^Sl-S 7llsn>^- 7>ti>olcDl-olcl.. ^- 7 1 €- MH=^# ^ ^ 
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^l^l^]^^, ^ <J-5}-eV pc^ ^4- 
*r 5£i=K #7] i_2.^#(109) tfofl n^a.#(lll)-g- ^^ttcf. ^v 7 i u^a.#(lll)^ w>^^> 
^ ^2| D -[^ ^€ ^ ^"71 ^3.^(111) ^H) ti>A>wj-^^-(Dl£Al)^- 

<34> £ 3b» <#7] o>^H^(lll)^r ISEfl^liH ni]^(DliAl)^- ol-g-^r]-^ 

^ 4i3 ^(112)^8- ^tb<=K ^"71 4i3 sfl^(ii2)^ ol^>^ ^-71 ±SL 

^(109), ^71 ^^^-^(107), ^-71 iSe]^ic=#(105) ^ ^-7] 1^sl-^-(103)* 

*Hlcfl5L 2flEi^*H ^"71 ^ O^eflo] Cg^ofl 4 TflolE 2flBi(113a)# ^^Kr A>7j ^ 

oj<*Ml ^ Tfloje 2fl^(ii3c)* ^th}. A o v 7l >i TflolB 4^(113a)2l- ^-71 ^ 

TllolH 2im(113c)£- ^"71 *V£3] 71^(100) JlS.^ 7])o]^ °-#ul ^£1(104), 

i£el *l^-EL5fl ^(104), cf^^^^V^^^dos) ^ 110)^5. 

<35> £ 3c!- #2:^, <#7] ^VS.^(1 71^(100)^ ^ A o V 7l H Tfl °1 B 3fl H( 113a) ^ 

A oM ^ 7flo]H 2fl^(H3c)^ S^r ^ TllolH 4h^(114)# ^ ^-7) 

Tll^lB ^-^SV(114)^r ^"71 y>£^l 71^(100)^1 Cfl^fl ^^7lofl^ I^S} ^-§; ^A|f-_0 
S.^ ^S^AS o] =o^^ ^ ^cf. ^-7] 7llo|H -fi-^^K 114)£r #7l 

3flH(112)^ ^ gc^ ^>7l 7l]olE o.^ol-( 11 4 ) ^. 

^f-^l^-l *>H-^ #<£^ 3~ CVD «o V ^°fl ^*fl ^« ^ 5U^. 

<36> s. 3d* ^71 >i TflojB 4€(113a) ^ ^-71 TflojH 3fl^i(113c)^r 

a^>o^ Aj-71 a_V£^ll 71^(100) v]H 7-j^JE cg^ (115) ^. a o v 

71 7l^r(100) ^Hl €S]^^^B|^. ^-5L^>711 3#S:}J1 +\^Sr ^1^*><^ #7} 
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A i 3fl^ (113a) $J #7l ^ TljolH sfl^i(113c)4 *\^3. ^^(112)^ ^* g^- ^ 

*H°H(116)* ^tr<=f. #7l it tIMS 3fl^(H3a) g #7l tIMe Bfl^(H3c) 2? #7l 

i*ll°H(116)-g; ol^ol^HS. Af-g^o} ^-71 «KE*fl 71^(100) ifl^l JL^£ <3<* 
(117)* ^#tr4. o^7l^ ol^og ^oflAi 4l*]-S1 Jl^jq^ a}-* 0 1- 

ofl nj-ej. ^e^M <?] (Phosphorus), ^(Arsenic) ^ -fi (Boron)* i^*}^ ZLf-olH a}i«5} 

<37> s. 3e« %ra*r^, #7l 71^(100) #^1 ^£Mr°] SL^^MM- S^sq*! # 

e^£|^v§- ^i^>7ll #7l t-e^e^eM: ^e^^ # 7 1 H o^oi <%<**\}*\ 

#7l ^ TllolB -fr 3^(114)3 41=^* gooj a o v 7 ] ^ i i;4£-£^(l02a)# 7>S.^s^ 4 
-r^fl^l ^3. <^l y l *1H ^(118a)l-* ^*Rr #7l ^33. <g «H #7l i 

(116)21 S^r eflwl ^ ^^H(118b)* ^tr^. 

<38> E 3fl . Aj- 7 ] oflH] ^ ^o](ii8a)4 #7l ofla] iBH°H(118b)7 r *§# 

€ #7l tiVS^ll 71^(100)^1 ^ #<^1 *ll 1 #?>^^^(120)* 3#tr^r. #7l *fl 1 f^V^ 
eKl20H tflgfl CMF^* # 7 ] <^]wl ^1^^(1183)^ ^» <^Jf *fl7ll5H #7l 

4i3 4^(112)* ^#^7_lcf. ojufl a o > 7 ) ofla] ^olBj.oi(n8a) f #7l ^o}a^(h6) ^ #7l 

<39> £ 3g» l-i^, #7l oflHl ^^^ol(118a) ( #71 oflHl ^£ i3JHo]A^(H8b) 5? #7l 

^*ll°H( 116)1- ^zl"«H £ 3g2r £<>1 #7l d}a 3 $\Q(112)£] ^ #7l i 

SL±l 3£flEi(110)^ ^ #71 7flol;e ^-^^(114)* ^4 ^#^7]^ %-X\o\) #7l 

€ 3fl^(n3a)£q ^Hert"(118c)* ^^*>cf. ojnfl # 7 1 ^ 

if-^rf^ ^2f 0 ^* <»l-8-*H ^ #71 oil til ^1^^^1(1183), #71 oflal 

51-15 



10^( 



1020030031302 #^ 2003/11/4 

^ ^l°l^(118b) £ #7] ^3llol^(ii6)7> 3.^ #e^^o.3L c^o^H ^a]^! ^a] 
44€ 4 s $14. ^ v 7l Jl-fc-S. ^(117)^ i^/^-Efl^l Wlm4<?l4 ^ 4 

°J£S <>l-§-€4. 

<40> £ 3h» ^71 *fl 1 ^^^^-(120)^1 cflsfl cHl^ajfl (Etch 5ack) ^ o. 

^ . A <M 1 §^^4(120)^ ^-ol^- Aj- 7 ] ^lcH5}o](118c)Sl ^:°14 Hj^^Tfl # 
71 if-*Kr 7>i# o^*}^ ^ o^cf. £ 3a<H)Ai ^ ol 

^ #4 H J-44£r #71 ofl^afl ^7^ ^ <U4. 

<41> 51 3i» ^-S^, #7l al£^l 71^(100)^ Aj^ ^} 2 ^Tjr^ 4(122)1- 3f^V 

^ CMP ^# n>^H 2fl€(112)-g- ^#A]^cf. a o v 7 ) ^ ! ^ ^ 2 ##^4 

#(120, 122)^ ^H^^M^-i: ^^tf. ^-71 ^1 2 #^-^^^-(122)^ #4 X) 1 #71^ <3 
4(120)4 MS ^€ ^ &4. 

<42> £ 3jl- ^4^, Aj- 7 j n>^3. 4^(112)^- ^71^>J7 a o V 7 ) sfl ^ ( 110)-g; ^#4^1 

4. -S-71 OliE^l 71^(100) Aj-ofl Aj-71 ^^2|S ^^^Ai Aj-7] ^ 3 i4-g-3 4( 102c) ^Hl 4 

*l*Rr ^71 2^(100)4 ^#Al7l^ 3l£efl^]^B 3flBi(i24)# ^*>4. A o v 7l 

ISJfl^iS 5|]^(124)* °l-§-4<^ #7l ^^5)^ #4 

^ 4€(100) * #4 44^^-^ 4^(108)1- SHEIKH ^ >IHH ^*(126)# 

*>4. #4 3flE^ 4^ ol] %M4, Aj-7] 4^=3Xfl^(106)ol Jlfj£Al^ol #7) *1] 3 

4£-*M4(102c)°l ^ 514. 

<43> £ 3k!- % 1 -S4 1 £, ^"71 Ile^liE 4€(124)» *fl4t!:4. 47l ^ 71] 
(126)°1 #7l til£^l 71^(100)4 4^ A <H £44(128) ^ # 
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# ^^Aj-olc^-C 130)1- 7 A^\^ ^7} ^ 7flo]B 126)1- *ti£i}. #7} # 

^^A>ol = ^(i30) ^ #7] £^^-(128)1: sflBi^H S- 3^ ^7) ^ o^flo] 

<$<*6\}*] c-flolE]- 2}<y(131a)-8r «g^*H=r -§-^Hl #7l ^3 5. <2HH ^ TflolH 
e^(131c)l- *8^3H=h 

<44> ^-7) t-fl o] e}- e^o](i31a) ^ #7l ^£ 7]}°}^ €-^#£ln(131c)» tf-Jf 

^^M^l 3 #^ck #7l ^£ S|S <3<^HH ^"71 #Jf ^tJ^^M- ^7] ^ 

TflolH ^Sj#EiH(131c)2]- ^7]^ ^<5Rr ^£ til^tSlnt ^^*>J1, ^ o] gfl o] 

<45> #71 wj-^ofl 4i7>^^rt#(l02a, 102b, 102c)* ^^^l ^ 33 

(STI) « 0 ^# ol-g-^^. 45.^ ^go] SL^s\7] $>^q-. ^ 7flo]B 4^(1133)1: ^ 

^- ^ofl tflolE}- 5}<y(131a)l: ^*>7H1 sHe^-D^oH^ t£*\7\ H*l A}^lAiz)- 

^^ D Wt - o1j7 Alz^-o] ^I^Tfi ^ o]^^1cf. ^w.^n|- 1 . (10 2 a) 102b) ^Hl 

IS 7llo]B 5flH(113a)ol ^^51^.5. ^JE^ 7l:&(100Hl ^b v # 

^ ^^*(126)<^1 3 ^>^^^-(i02c) ^oHl ^£lH5L oV£^l 7m(100Hl 

^ ^ A o v * 7>*M ^cf. o)^m\ , AlSl^-i- ^ STTM iS* ^Hl^Hr ti>£^l ^p-w 

<46> <^A]^1 2> 
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<48> £ 40] aV^^l j£ 22}- Hlm^-nH, 41*1 °fl 1-4 A 1 #?I 

^^^"(120)21 cfo^nvo.^ ^5]^ 53 -I: ^llS #7l ^ 711 o]B 3fl^(113c)^ 

## J f #<HH #7} <g#€*=k ^2] ^ £ 2 2f 

<49> 5L 5^ £ 2^ tiV^^l ^#^Hr y o v ^* M-B}^^ ^^iolch 

< 50 > £ 5^. %v^i-ig ( £ 3f o^ #e)H^ # 7 1 c^la] 2lHe}-o!(ii8a):4 #7] ^) °}*\ (116) ^ 

A oM oflHl ^*W<*l(ii8b)£| # J f» °M #s|-£l*r 2^*}oJ <+s*s|*l 

^Jl ^ ^51-^(1180)3]- ^5flo]A-l(ll6) ^ ^ ^5flo]A-1(118(i)7> #71 ^.2.^ 2fl 

€(no)2i ##-^21 feoia.tf ytn q^sm tm. #71 ^i ^H^disa)^ #71 -mm 

Ai(116) ^ #71 ofl«l ^tg ;Ml°M(118b)2l #«-<£| olg].^ 4 V 7 1 X) ! #^^o^nV 

(120)21 #^-7> ^^o.S. ^ T^rilS. #7l *fl€(112)^ ^7l 

Sj-Jl ^A]ofl 1°] £ 3 j n 3k ^^7]^ 5. 421 tiV£^l 2i-^*Vcf. a. >gA]afl6fl 

^ ^ S*M", EV21 f^gj ^AHl 14 ^2}^. 

<51> -a ^Aloflofl HfSTg ^A]ofl lofl ti^M ^C] **H ^^21 STTM -fi-g- 

^*l^Rr «LK£*ll 4i7># ^ oicf. 

<52> <^A]ofl 3> 

<53> £ 6°. Qx$o) cc cfS. ^Aloflofl afs ^^ 7 >^*> 27fl2l S^M^E] 7} 2} ^ 

<54> £ 6^r ^2:*}^, £ 421- go] *>^-#^^^-o] ^1 i f^:g<£BK 120)2] ^-oJoT-o.^ 

-^sM, #7l :MM*1(116)4 #71 el-ol(H8c), ^ #7l ^3flol^(118d)2l #^7> 
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#7l ifi tIM^ 2fl^(H3a)4 #7] 711 °1B 3fl 113c) Si ^01^.4 ^-711 *§#£M #71 

1 St (120) 2} ^ #71 iSflolA^ (H6)2l #^2} ^rt^r gfe +3\]o}*] 

(121)71- ^*flSH #71 cflolEl- sKl(131a)*l- #71 2**1 (H8a)# ^^^1^14. ZL^Sl 
^ £ 42f ^22^4. 

<55> 5L 7-& i 621 «V£^1 «g^*Rr M-Bl-vfl^ ^^^£olcf. 

<56> £ 7^- £ 3f2l #Efl61H ^-71 o^lal ^)He}-ol(ii8a)2l- #7l is||°H(116) ^ 

#71 ^3JflolA^|(118b)2l #^-» #3^4. °1«11 #S}-£|^ ^£1- #5}-£lxl 

^ ^.-g-<y ^Hsl-^l(118c)sl- ^5flolA-l(ii6) ^ ^^ol^(n8d)7l- #71 iiL^i 3fl 

11(110)21 ##Jf2l ^•ola.cf ^711 ^^5li£^- ^4. #71 4^3 2flH(112)# ^l7l^>Jl #7l 
te^ll 7^(100) #<Hl Si^-g- e^^l-Tll °l«oM3-°S Alz^a) ^-7] *l-^#^^^ 

^(120) ^ #7l ^}o]X] (116)21 #^21 ^*>ofl ^ ^01^(121)1- ^t-Vcf. 4V7I 

^slloiA^(i2i)^ ^sl^- #5j-5V ( Si0 2 ), ^s[^(Si 3 H 4 ) , ^^#^5KKSi0N), ^ 

^^l^-#5l-5i-(Al203)^: ^-wl*Rr ZL^-ofl^ AjBfl^ ^43 ^#tb4. £• ^HHH 

*3 ^21 ^*fl-§^r ^Hl 1J2)- ^-2j §>cf 

[^-^21 sal-] 

<57> 4eH, £ 21 ^ STTM ^l^Rr te^l =£7} ^ ZL ^# y o V ^°11 4^, ^1 

7} "1:4^4. i^^ D -lt <U^°A H^*l 33" «§# <^l-g-^£-S. ^°1 

-8-^=1*1 ^^ 0 1 "M*^. € 711 °1B 4^ ^^tb ^1 3] olB)- Sl-^l* ^^^>7H1 3fl 

^4*cHH ^>7> 3*1 *l-#^m^HH ^4^-1- JfrJitl- ^ SU-^ 

Til ^ 01=01^14. ^^nj. #°fl ^ TflolH 3tflli-g- ^sj.je.i- ti>£^l 7l^-oll ^ ^#* 
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£ ;H]°lB A^ofl ^sljo^. 7fe>^] a^rt}. 

Alsl^^. STTM iS-i- tfhESfl ^ 0^ 
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[3^* 1] 

i&£*l| 7]^; 

-8-71 tiJrS^] 7l^ofl ^5)5] #7l tij-i^l 7l#-§- 7>S.*1=^ ^7fl^ 
1 ^V^-^^l-; 

A oM ^1 1 i4r^l D n V t A}o]o} 71^1 7fl7fl£)£] #7l ^ 1 ^^^nl-S-^ 

#71 *ll 2 i7}-g-sm« Aj-Olo} yv £ ^i 7l^r #<H1 ^^1*H 4V7I 741 2 ^^54 ^ oj 

^- , #7l tiV^^l 7l^O.^.^Ei ^V^lS 3^ 741 -H-^Bl" 3^, 

^££l^lia^2flH4 , cfE^^ ^-(Multiple tunnel junct ion)#^ ^ iii3flEjo S =.04 
*l^r 4^7H^ H TflolB 

TflolH -H-^l^ A>oH ^ZL #71 >i 74]olH SJHa-i-^ 1-Bl^H #71 7)1 1 i*} 

#71 -i 741 °1H sfllil:^ <4 j$-7) Til 1 i.7>4S-sl^-4 ^<8*>7ll ^el^ 74^ 

Jg^tb 7flSl CflolEl- 2}<?]1-^: ^l^r a>£^l i4. 
[3^* 2] 

*n 1 %hi sa°H, 

#71 ^ 711 °1H 4>7l 74H54-01 7>olofl 7fl *m ^1^1 7-41- C-4 ^-til*Rr ^ 
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3] 

*fl 2 * 0 H1 
4] 

*fl 2 SU^i, 

^71 ^*\}o}*] spjLo] ^7} tiV^^l 71*41 7^5L <3<*^ D| ^-«l^>fe 

5] 

A oM ^H£}<?1 *>-fSl A o V 7l tijtr^ JL^.£ ^-§- <^ ^- ^ ^ti] ^ ^ 

^ *}^r te^l 4l*>. 

[^^J- 6] 

*fl 1 %H1 31°]*], 

7] 

*fl l sa<H^, 
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[^t 1 * 8] 

A <M ^^Ma-^ ^^s. AV^(Si0 2 ), ^5m v (Si3N 4 ), ^el€-#-5H£s)-^ 

(SiON), £ ^°l^S)-^-(Al203)* ^y]*Hr ZLf-ofl^ *>M-fil o^o^fe 

^il *>fe til-E^l i7>. 

9] 

*n i %hi $a<H^, 

#7) ^S\S. «^ ^ ^ # ^*Rr *fl 3 ^7>^-^nV; 

A o V 7l 7}S^Si a o V 7 1 ^ 3 ^^^^4 ^£)^ TflolH ^ 

#71 3 dt*>€-B^ Aj-ofl^ a o V 7 1 711 olH Sfl^l^ #7] 3} 0-3. ^*Rr ^ Tflo] 

10] 

#71 ^ TllolH Sflel-ar #7l TflolB sfl^a). ^JSJ-Tf), #7l 71^0.3.^ *H1 

TflolH -fr^ 3flE}, ^Sel^l2x.£L2)l^, cfE^^^-#^ Sfl^l ^ 41.2.^:^^0.^ 

«V£^1 4l7>. 
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i^ty 11] 

*fi 10 %H] 51^^ ; 

#71 ^ Tfl^lH ^ *5.^ZL^ #7l 4i^.^3flBi ^ #7] Cf E| ^ ^ ^#t« 3fl 
12] 

13] 

^-71 #°fl TflolH -fr^^M" ^Tfl; 

iSsl*licJ=# , cfE^^ ^-(Multiple tunnel junct ion)#^#, ±3.^ ^ *V^3^ 
#71 n}A 3 &|. sflEi^H ^3.^^^. ^sKr #7fl; 

#7l PV^^LSflEi^; p}^i£15L °l-g-*M #7l cfEi^^tJ-^^#, # 

7l >iS^^^JE.# ^ #71 TflolH ^^m-i: ^Ei^^H #7l IKE^I 71^0.5.^-E^ 

315. ^#^1 7l]olH -fr^ 3fl€, iSElxl^^afl^, cfE^^^rtsflEi, ^ d^^^-OS. 

^1 Til °1S 4^1-^ Til oIh 3fl€* #71 ifi oiefloi a o v 71 ^jr] 

5L <^°fl ^711; 
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#?1 TflolH 2flBi#32l- ^- 7 1 TflolB 3fl ^ ^ ^^*^f #7] %# ^ o. ^tf 

*M el-Si-M- ^#*Rr #31; 

#7l p>^3 sfl^i-a- ^lT^Rr ^1; 

#71 ^$3. <S«H*1 ^7} ±.7}^^^ #6fl ^*l*Kr ^7) ^ 711 o]E Sfl€^ #7l 

#71 c^eflol <$<X°\}*\ ^7} Tfloje Sfl^-i-^ #7] ^^3flli 1-4 %is}x*\ ^-7} *\] 
ajSSHr ^<L3- *\3. ^el- ^7]\9] x^]o]^ *S#*Rr #31 ; 

^ #5L*fl ±7}2) ^# 
14] 

*fl 13 « SU^i, 

#71 ifl 711 ^lB ^-71 ^£ t4MH sfl^o. ol^^nf^HS A>-g-*H #7l # 

7l^ofl $^*H=- #31; 

#71 4 3MH * ^-71 ^ TflolH 3)1^01 ^tti-g- g^. ^lolA-H- 

#31; £ 
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-g-s-H ^"71 71^1 j7^£ ^^Hr ^7111- b] ^tJl*>^ ?}-g- -Hf-^JLS. 

[*c)^ 15] 

*fl 14 %H1 $a<>H, 

[^^3- 16] 

*ll 14 %H1 *JM>M, 

7} v}^3.nQ3)- ^7} ^ 711 Sfl^^ ^-i^l-Tll £^ oil «1 ^1 C H^ < ?1* ^^Hr ^T^l; 

31 1 ^^^-i- 3^o-Rr #7fl; 

A o V 7l l ^firW^ ^-71 oflu] ^Hei-<y^ OjJf ^T^H >£ 7 ) 

^*Rr ^TTlll- ^til^ ^-^1 S}^ iVi^l « 0 >^. 
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[^T 1 * 17] 

*H 16 *<H1 Sl^H, 

*>tt 53* ^AS §fe tiVH^] ^7>^ « c v^. 
18] 

^ 16 &<>M, 

^71 n>^3S)]^aq- >^7l ^iisflli^ ^-^1- ^ 4>7l oflUl ^H^^g- ^ ^171^- 
*Rr «h£*ll ^7}S] tg^ 

[3^8- 191 

*fl 14 *<H1 5^1, 
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#?1 *fl 1 #^>^^^* ^W^M #7l ^M^^l *Ht1*H #7l 

#7l ^oj^-o]^ QjJjL ^VSJ-^H #7l SflEl^ ^-o. ^c^B}^ ^ 

201 

^1 14 %H1 olc^ , 

#71 ^H^<y#^ ^#*Rr #7^, 

#71 TflolH -H- #<3|°1 3#€ #71 tiVS^l 71^ ^ Aj-ofl £^d^ ^jc^tH 

3#sRr ^1; 

ISEfl^l^S Sfl^^ °l-g-*H ^-71 51 SflEi^H #71 >t Oleflol ^^ollA-1 Aj- 

71 P>^32ll€2l- #71 TIMS 2H£i-t- ^i^r^Tfl ^1«1 5]- ^#*Hr #7ll ; 

*fl 1 f^^-Sr 3f^Rr ^711; 

#7l *11 1 3g Ej^S}^ Aj-71 c>flti) ^Hsl-o]^ Aj-J=L.g. <yj=L 

D fiH sfl^^r ^#^171^ ^-Tjl; ^ 

#71 4*1 ^tH^Jt ^ #3}-*H #71 afl^^ # 1 EH L iH} ^ ^Hel-ol^. 

^*Rr 3^- ^-^^-S <5Rr «>£^1 ^Aj tij-tf _ 

21] 

^1 20 *<H1 5^*1, 
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#7l 4i3 ifl^-S- >fl7lt!- ^Ml, 

#7l l f^^^-sl #71 ^H^o]^ ##^ ii^r %<&^} 

22] 

*fl 21 %H1 , 

#7l ^^M^ A>2|-nV( Si02 ) ; ^Sl-°V(Si3N4), ^^-#3^2^ 

(SiON), ^ ^^l^^KAlaOs)* ^l*Rr zif-oflA-^ ^bh^ ^14^ ^^s)^ 3 

* ^JlS *>fe «V£^1 ^1-^1 <§# #*g. 
[^*J- 23] 

*11 19 20 %H1 ^^i, 

#71 ofl H] *1H timolol #Sj-€*ti #71 ^H^iE ^AHl #2|-5l^ ^ -fr ^-^O^ 
^1-H^l ^}<5l ^ « 0 >^. 

[^H" 24] 

#71 C-llolBl- ^*Kr ^TflSj- #71 7flo]H ^ £e^# ^*Rr ^-^ 

25] 

a J"£^l 71^1 ^j.-g.^nv.g. ^^j-c.) ^ojcrf^ *t^*Rr #711; 

#71 ##<3^ #<H1 711 o]H -n-^^", iS.el*li^=#, cfE^^ ^-(Multiple tunnel 
junction)#^#, £.3.^ ^ "}i3ft #741; . 

#71 v}^EL^ 5flEl^sH n}^^^ ^ s§ s}^ #3); 
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#7l nj-^^iiflEl-l- qi). ol-g-^>o^ ±£_^%- t #7l \| ^ # , # 

3#€ TflolB -f}-^ uflE), ^H^^JELsfllfi, CfE^^^-#^3fl^, g 4l^.^2fl^O.^ 

°l^<H*lfe ^ TllolH sflUM- «§^*Hr ^1; 

^ #31; 

#7l >i TflolH ^-t- oj « 0 v^o.s *]S. sg^tV ^7flsl 

XH 2+°Jl:# ^*Rr ^1; 

^"71 n>^ 3 311 E}^ Z\]7]i5}^ cfT^l; ^ 

#71 TllolH 3fl El ^ Si ^7l ^^iS^l-^ ^ V 7l *ll <H 5* <?] 4 ^jH^ if^O. 

S. i^^r ^7flSl dlolBl- efojs.^. tg^Hs^ ^-741» ^«l<&}^r ti]-.£*ll ^>ol ^ 

26] 

XI 25 ^1 

#71 >t TflolH 3fl€"i-8: ol^ojn^HS. A>-g-§>o^ #71 ^£^1 7 }#6|| 

A J-7l ^1 TllolH 3fl^#si ^ o_ ^ifloiA^ ^#SRr #?fl; ^ 
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oil Jl^S. ^*Rr o] ^als>^ ^-i- ^ o_ s *>i=. HV £ ^l ^ 

27] 

*fi 26 %M1 SZ^^, 
28] 

^1 26 %H1 SH>H, 

TllolE sflE^ ^-i^l-711 ^ &)-<?} # tg^SRr ^Tfl; 

*l] 1 f^^^-Sr 3#*Kr #31; 
D l"— -3. 211 € * i^l 71^ cjTll; ^ 

A o V 7l ofl«l ^l^Bfo]^ QjJjL ^l7l*>^ #7] sfligo} ^q. ^ ^o^e)-0]^- 
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29] 

*)1 28 1H1 $1°]*], 

[^D" 30] 

^1 28 *M 5U°H, 

^7} v}^EL$\^3± ^7] ±.^^Q9\ s&T&^m ^7} d\}*} *]]o]^o}^ 

ufl, >a-7l nj-^irll^a!]- # 7 ] ±SL^$\Q$] ##^-# S^r ^7} ^o]X\S. ^ z\)?\S\±r ?A^r 

31] 

^1 26 %H1 $1^*1, 

A o V 7) ^ol^Jtl- ^*Rr #7fl^, 

^7} ^ TflojH -fi-^l^W ^71 #51*11 71^21 ## -*<H1 Sl*!^ ^-iH^l-Tll 

TIMS 2fl€* ^5L^>711 gfe- ^al ^He}-#-§- ^*Rr #31; 
»1 1 ^Ti^^H- 3#*Rr #31; 

51-32 



10Z0030031302 %^ 2003/11/4 

A oM afl i #^<a^# ^SHM #71 ^1*1 ^M^^l TflTl^^ ^-71 

^*Rr #31* ^*l*Rr 3# ^-9.5. ^ #51*11 ^ ^ 

32] 
*H 26 %H1 

A o v 7l ^l^^oj^^ #3l*r, 

711 °1S sfl^# M^sj-tII ^1«1 ^iH^Jt ^*Rr #31; 
i 3#*Rr #31; 

o>^a. si) e]^ ^#^l7l^ #31; ^ 

^"71 n>^35flEi^ ^"#^-1- g^r #71 «^1«1 ^l^^Jt ^ #3j-*M #7l Sfl 
€^1 ##^iL4 ^ ^H^Kl* *§^*Rr #311- ^wl*Kf ^-i- <5Rr #51*11 ±7} 

IQtt 33] 

32 %H1 9X°]*\, 
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#7} v\^3_ n^-jr ^71*1 ^1, 

#?1 *fl 1 t^^^5|^ aV 7 ) ^]^^o]o] ##-^3] ^.g. ^<£^$) 

34] 

32 %H1 

(SiON), ^ °^°)^^^^(A1 2 0 3 )# ^«]*Rr nfi/i ^i^o} ^£)^r ^ 

35] 

*ll 31 3^r 32 %H1 5^*1 , 

#71 <^lwl ^l<>|el-^l 0 l #71 ^5|]ol^£ -^aHI #sl-sl^ ^J-a- ^ 

OVS^ll 4l7>Sl ^ Hj-^ 
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